Renal growth responses to acute and chronic injury: routes to therapeutic intervention.
Knowledge of the control of cell growth and extracellular matrix deposition has assumed center stage in the understanding of how the diseased kidney responds to injury. After acute tubular injury, there may be reversible, partial depolarization of renal cells or cell necrosis. The latter requires a regenerative response, which could be under the control of growth factors such as epidermal growth factor (EGF). Up-regulation of EGF receptors on viable cells provides the cell with an enhanced growth response despite a reduction in EGF production by the kidney. Acute glomerular injury involves a highly complex network of cytokines and growth inhibitors, the most important of which appear to be platelet-derived growth factor as a mitogen and transforming growth factor beta as an activator of extracellular matrix deposition. The long-term growth responses of the kidney to injury, reflected by chronic renal diseases, include tubular hypertrophy in those nephrons which are less affected by the primary disease. Tubular cell enlargement appears to proceed along a pathway that is different from the growth in cell size which precedes cell division, at least as indicated by a fundamentally different pattern of early gene expression. This pattern is not suggestive of a classical growth factor-initiated process. Other chronic changes that seem to correlate well with the progression of human disease are tubular atrophy and interstitial fibrosis. Growth factors produced by tubular cells may cause proliferation and matrix deposition by adjacent interstitial fibroblasts. A scheme is proposed in which low-grade ischemic injury to tubular cells, secondary to microvascular injury, leads to tubular atrophy, the release of growth factors, interstitial fibrosis, and the obliteration of peritubular capillaries. This would aggravate primary glomerular injury by compromising the vascular outflow from the glomerulus and would account for the long-recognized association between tubulo-interstitial injury and the progression of a variety of renal diseases. The use of growth factors to stimulate specific growth responses, antibodies, or inhibitory molecules to inhibit scarring generated by cytokines and the potential for genetic manipulation of the kidney provide future avenues for manipulating the growth response of the diseased kidney.